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$(N, g)$ $n+1$ , $g$ $TN$ $TN$
. $U\subset R^{\gamma}$’ $P$ , $U$
$T_{J}N=\{x\in TN;||x||=1\}$






$L$ . , $L$ , $W(L)$
.
. , $L(\Lambda,f^{2},T_{1}N^{j})$ , $M^{2}arrow T_{1}N^{3}$
$C^{\infty}$ .
1( [1]). $O\subset L(M^{2}, T_{1\wedge’}V^{3})$
2007 7
.
( ) ( ) .
1577 2008 6-16 6
$\mathcal{O}\cdot---\{L\in L(\wedge\lambda I^{2}, T_{i}A^{T3});’$ $P\in\Lambda\prime I^{2}$ $L$ at $P$ $W(L)$
}
$O$ $L$ ( $t/f^{2},$ $T_{1}N^{3}$ ) .
, $L_{t}$ : $([/^{\tau_{i}},p_{i})arrow(T_{1}N_{i}, L_{i}(p_{i}))(i=1,2)$
$\varphi$ : $(U_{1}, P_{1}.)arrow$ ( $\zeta^{r_{2}},$ P2)
$\Phi$ : $(T_{1}N.L_{1}(p_{1}))arrow(T_{1}N_{2}, L_{2}(P_{2}))$
$L_{2}o\varphi=\Phi oL_{1}$




[3, 4, 7, 8, 15].
,
. [8] .
$[3, 4,6\cdot-\cdots 12,14,15]$ .
. , $A$ .
,
. $(N, g)=(R^{\tau\prime+1}, \langle, \rangle)$ .
$f$ : $(U^{n},p)arrow(R^{n\cdot+1}, f(p))$ $L_{f}$ :
$(U’,p)arrow(T_{1}R^{n+1}, L_{f}(p))$ $\Gamma_{f}$
. $T_{1}R^{\prime+1}--\cdot R^{n+1}\cross S^{\tau\iota}$ ( ) $L_{f}$







. 2 : $(U_{\dot{v}},p_{i})arrow(R^{n+1}, f_{i}(p_{i}))(i=1,2)$
$A$- $\psi$ : $(U_{1},p_{1})arrow(U_{2},p_{2}),$ $\Psi$ : $(R^{\iota+1}.f_{1}(p_{1}))arrow$
$(R^{n+1}, f_{\wedge})(p_{2}))$ $\Psi\circ fi=f_{2}o\psi$ .
.
7
2( $|\lceil 16]$ see also [8]). $f_{i}$ : $([\prime_{?}\cdot,p_{\dot{2}})arrow(R^{n+1}, f_{i}(p_{i}))(i---\cdot$
$1,2)$ . $L_{f_{1}}$ $L_{\int_{2}}$
$fi$ $A$- .





3( ). $f$ : $(u, v)rightarrow(u^{2}, u^{3}, \prime v)$ ( $A$-
) .
1.




5. $F^{A}(t, y)$ : $R\cross R^{n\cdot\{i}-R$
$F^{k}(t_{:}y)=t^{k+1}+ \sum_{i=1}^{A}t^{k-i}y_{i}’$ , $y=(y_{1}, \ldots’.\prime y_{k}, \ldots y_{\tau\iota+1})\in R^{n+1}$
. , $k\leq n+1$ . $F^{k}$
$\mathcal{D}_{F^{k}}=\{y\in R^{n+1}$ ; $\exists_{t}\in Rs.t$ . $F^{k}(t,y)= \frac{\partial F^{k}}{\partial t}(t,y)=\circ\}$
. $f$ : $(U^{n},p)arrow(R^{n+1}, f(p))$ $P$ $A_{k}$- $f(U)$
at $p$ $\mathcal{D}_{F^{k}}$ at $0$ ( ) .
$x rightarrow(kx_{1}+\sum_{i=2}^{k\cdot\sim 1}(i-1)x_{i}x_{1}^{i},$ $(k+1)x_{1}^{k}+ \sum_{i=2}^{k-1}ix_{i}x_{1}^{i-1},$ $x_{2},$ $\ldots x_{n})$
. $x=(x_{1}, \ldots x_{r\iota})$ . , $A_{k}$ $t^{k+1}$ $F^{k}$
. $[2, 5]$
.





$f$ : $(U^{\iota} ; u_{1}, \ldots , u_{n})arrow R^{n+J}$ , $\nu$ . $f$
$S(f)=:S_{1}$
$S_{1}=\{q\in U;ra11k(df)_{q}<n\}$




$\lambda:=dct(f_{?J1}, \ldots f_{u_{n}}, \nu)$ , $(f_{u\iota}= \frac{\partial f}{\partial u_{1}})$
. $\lambda^{-1}(0)=S_{1}$ , $P$ 1- 1-
$d\lambda(p)\neq 0$ .
1- $P$ $P$ $S_{1}$ 1 ,
$S_{1}$ $0$
$\eta$ $(df)_{q}(\eta_{q})=0$ . $\eta$
.
$f$ $:=(f_{1}, f_{2}, f_{3}, f_{1})$ : $U^{3}arrow R^{4}$
9
,det ( $\{_{f_{3})_{u_{1}}}^{f_{1})_{u_{2}}}.)\neq 0$
$\tilde{\eta}=(dct(\begin{array}{ll}(f_{1})_{l2} (f_{1})_{z_{3}}(f_{2})_{z_{2}} (f_{Y}\backslash )_{z_{3}}\end{array})$
$,$ -dc-t $(\begin{array}{ll}(f_{1})_{z_{1}} (f_{1})_{zs}(f_{2})_{\sim_{1}} (f_{3})_{zs}\end{array})$ $d\epsilon^{\backslash }t(\{f_{2})_{z_{1}}f_{1})_{z_{1}}$ $(f_{3})_{z_{2}}(f_{1})_{z_{2)}})$ .
$U$ . $U$
, $\tilde{\eta}$ .




$f_{1}$ 3/2- , ( 3).
.
3.
, $S_{2}:=S(f_{1})$ , $p$ 2\leftarrow 1- $p\in S_{2}$
. $\overline{\eta}_{\rho}\in T_{l},S_{1}$ . $P$ 2-





. $=S(f_{j-3})(_{1}S_{0}=U)_{:}f_{j}\simeq f_{j-1}$ , $P$ $j$-
$(i-1)$- $P\in S_{j}$ . , $P$ $j$-




. , $S_{n}=\{p\}$ , $n$- , (n+l)\check
.
, .
6([13]). $f$ : $(U^{n},p)arrow(R^{n+1}, f(p))$ , $f$ at $P$ $A_{k+1}$
$A$
$P$ $f$ $k$- , $(k+1)$-
.
$n=2,$ $k=2,3$ [8] .
,
.
7. $f$ : $(U^{n},p)arrow(R_{\}^{n+l}f(p))$ , $f$ at $P$ $A_{k+1}$ $A$
$\bullet d\lambda(p)\neq 0$ ,
$\bullet\lambda(p)=\lambda’(p)=\cdots=\lambda^{(k-1)}(p)=0,$ $\lambda^{(k)}(p)\neq 0$ ,
$\bullet$ $\Lambda:=(\lambda, \lambda’, \ldots.\lambda^{(k-1)})$ : $Uarrow R^{k}$ $P$ .






$f(x_{1},x_{2},x_{3})=(3x_{1}^{4}+x_{1}^{2}x_{2},4x_{1}^{3}+2x_{1}x_{2},x_{2},x_{3})$ : $R^{\delta}arrow R^{4}$
.
$\nu=(1, -x_{1}, x_{1}^{2},0)/\sqrt{1+x_{1}^{\sim}+x_{1}^{4})}$
‘ $f$ , $(1, 0,0)$ , $\lambda$
$\lambda=-(12x_{1}^{2}+2x_{2})(1+x_{1}^{2}+x_{1}^{4})^{1/2}$
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. 7 $\lambda$ $0$
$\lambda=6x_{1}^{\sim}+x_{2})$
. $d\lambda(0)\neq 0$ , $\lambda(())--\cdot\lambda’(0)=0,$ $\lambda’’(0)\neq 0$
$(’ =\eta(\cdot)=\partial/\partial x_{1})$ .
$(\begin{array}{ll}\lambda’ \lambda’’\lambda_{x_{2}} \lambda_{x_{2}}’\lambda_{xs} \lambda_{x_{3}}\end{array})(0)=(\begin{array}{ll}0 l21 00 0\end{array})$





$\nu=(1, -x_{1}, x_{1}^{2}, x_{1}^{3})/\sqrt{1+x_{1}^{2}+x_{1}^{4}+x_{1}^{6}}$




$d\lambda(0)\neq 0,$ $\lambda(-\lambda’(())=\lambda’’(0)-0, \lambda’’’(0)\neq 0$ .
$(\begin{array}{lll}\lambda’ \lambda’’ \lambda’’’\lambda_{x_{2}} \lambda_{\alpha_{2}}’. \lambda_{x_{\prime}}^{r_{2}}\lambda_{xs} \lambda_{x_{3}} \lambda_{r_{3}}’’\end{array})-\sim-\wedge(\begin{array}{lll}0 0 60l 0 00 3 (\rfloor\end{array})$
, $f$ at $0$ A.4 .
3/2- .
10. $R^{4}$ $\gamma$ : $Iarrow R^{4}$ . $e,$ $n_{1},$ $n_{2},$ $na,$ $\kappa_{1}>0,$ $\kappa_{2}>0,$ $\kappa a$
$\gamma$ , . , $F$
$F(t, u,\tau’)=\gamma(t)+ue(t)+’\iota\cdot n_{1}(t)$
. $\nu=n_{3}$ , ,
$\kappa_{3}\neq 0$ . $\eta=(-1,1, u\kappa_{1})$ ,
12
$\lambda$ ( $()$ ) $v$ . $S(F)=\{v=0\}$ .
$7\mathfrak{j}\lambda=$ $u\kappa_{1}$
$\eta\eta\lambda=$ $-u\kappa_{1}’+\kappa_{1}$
, $\kappa_{3}(t_{0})\neq 0$ ,
$\bullet$ $u\neq 0$ $F$ at $(t_{0}, u, 0)$ $A_{2}$ ( $\cross R^{2}$ ).





$R^{r\iota+1}$ $A_{k}$ $(k\leq n)$ . , $R^{3}$
,
.
$(u, v)rightarrow(3u^{4}\pm 2u^{2}v^{2}, u^{3}\pm uv^{2}, v)$
( $+$ ) (- )
. ;
$(u, v)rightarrow$ ( $5u^{4}+2$vu, $v,4u^{5}+u^{2}v-v^{2}$ )
$A4_{4}$ . 1











11. $f:[I^{2}arrow R^{3}$ $p$ $f$ at $P$
$\bullet$ $A$- $raIlk(df)_{p}=1$ $\lambda$ : $Uarrow R$
$p$ $0$ 2 .
$\bullet$ $A$- rallk $(df)_{p}--- 1$ , $\lambda$ : $Uarrow$
$R$ $P$ 1 , $\lambda’’(p)\neq 0$ .
$\bullet$ $A_{4}$ $A$- $d\lambda(p)\neq 0,$ $\lambda(p)=\lambda’(p)=$




12 ( $H^{3}$’ [11]). $R_{1}^{4}$ $(-, +, +, \neq)$ $(, )$
. $R_{1}^{4}$
$H^{3}(-1)$ $=$ $\{x\in R_{1}^{4} ; \langle x, x\rangle=-1\}$
$LC^{*}$ $=$ $\{x\in R_{1}^{4} ; \langle x, x\rangle=0\}$
$S_{i^{t}}’$ $=$ $\{x\in R_{J}^{4} ; \langle x, x\rangle=1\}$
. $\gamma:Iarrow H_{+}^{3}(-1)(|\gamma’|=1)$ . $a_{i}$ : $Iarrow s_{i}^{3}(i=1,2)$
$\langle\gamma’.a_{1}\rangle=\langle a_{1}, a_{2}\rangle=0$ ,
$a_{3}=\gamma\wedge a_{1}\wedge a_{2}$
14





$\{\gamma.a_{1}, a_{2}, a_{3}\}$ :
$(\begin{array}{l}\gamma’a_{1}’a_{2}a_{3}\end{array})=(\begin{array}{llll}0 c_{1} o_{2} c_{3}c_{1} 0 c_{4} c_{5}c_{2} -c_{4} () c_{6}c_{3} -c_{3} -c_{6} 0\end{array})(\begin{array}{l}\gamma a_{1}a_{2}a_{3}\end{array})$ .
$c_{1},$ $\ldots c_{6}\in C^{\infty}(I, R^{6})$ $F$
1 $C^{\infty}(I, R^{6})$ .
, $c_{1}-c_{4}=0,$ $c_{2}=0$ , $ci\dagger=0$
$l$ , $\gamma$ .\acute
.
. , $c_{\ulcorner\}}\neq 0$ $F$ . $\lambda=s(C_{\backslash .1}^{p}+sc_{t)}/2),$ $\eta=(c_{1}, -1)$
, $S(F)=\{s=0\}\cup\{(j5+sc_{\{)}\backslash /2=0\}$ . ( $0$ , to)
$\bullet$ $F$ $c_{t)}\backslash (t_{0})\neq 0,$ $c_{5}(t_{0})\neq 0$ $c_{1}(t_{0})\neq$
$0$ .
$\bullet$ $F$ $c_{6}(t_{0})\neq 0$ . $c_{5}(t_{0})\neq 0$ ,
$c_{1}(t_{0})=t)$ $d_{1}(t_{0})\neq 0$ .
$\bullet$ $F$ $c_{6}(t_{0})\neq 0_{\backslash ,\prime}c_{6}(to)=0$ . $c_{5}$ (to)’ $\neq 0$ ,
$c_{1}(t_{0})\neq 0$ $(c_{1}-s’)(t_{0})\neq 0$ .
$\bullet$ $F$ $q_{j}(t_{0})=0,$ $c_{5}(t_{0})\neq 0$ ,
$c_{6}’(t_{0})\neq 0$ $c_{1}(t_{0})\neq 0$ .
$s(t)=2_{C_{\backslash }\epsilon_{J}}(t)/c_{6}(t)$ . $(-s(t_{()}), t_{0})$
$\bullet$ $F$ $c_{6}(t_{()})\neq 0$ . $c_{6}(t_{(})\neq 0$ $(c_{1}-$
$s’)(t_{0})\neq 0$ .
$\bullet$ $F$ $c_{6}(t_{0})\neq 0,$ $c_{5}(t_{0})\neq 0,$ $(c_{1}-$
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